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Abstract 

The membrane (M) protein of canine coronavirus (CCoV) was cloned and expressed in E. coli. The purified recombinant protein 
was then evaluated for its antigenicity and reliability in an enzyme-linked immunosorbent assay (ELISA) for detection of CCoV 
antibodies in dog sera. Fifty serum samples, screened previously by whole virus ELISA and Western blotting, were tested. When the 
performance of the new test was compared with those of whole virus ELISA and Western blotting, an excellent correlation was 
found with the latter two assays. The ELISA based on recombinant M protein represents an alternative and valid test for detection 
of antibodies to CCoV in dog sera. 

© 2003 Elsevier Science B.V. All rights reserved. 
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1. Introduction 

Canine coronavirus (CCoV) belongs to one of the 
major antigenic group of coronaviruses (Siddell et al., 
1983; Spaan et al., 1988) and is related closely to 
transmissible gastroenteritis virus of pigs, porcine epi¬ 
demic diarrhoea virus, feline coronaviruses and human 
coronavirus 229E (Sanchez et al., 1990; Horsburgh et 
al., 1992; Wesseling et al., 1994). CCoV may cause 
sporadic outbreaks of vomiting and diarrhoeal disease 
in dogs and the feces are the primary source of infection. 
CCoV infection is usually asymptomatic and disease 
signs vary greatly, but they occur most commonly in 
young pups (Carmichael and Binn, 1981). 

The coronavirus genome consists of a positive-sense, 
single-stranded RNA molecule that is 20-30 kb in size 
(Murphy, 1996; Siddell, 1995). Virions are enveloped, 
pleomorphic, 80-220 nm in diameter and they have 
club-shaped peplomers. According to the generally 
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accepted model of coronavirus structure, viral genomic 
RNA is complexed with a phosphorylated nucleocapsid 
protein, N protein, in a helical configuration. The 
surrounding envelope contains three viral proteins. 
The trimeric spike (S) protein, the major inducer of 
virus-neutralizing antibodies (Gebauer et ah, 1991), 
forms characteristic viral peplomers which are involved 
in virus attachment on the cell receptors and in virus cell 
fusion (de Hann et ah, 2000). The small membrane 
protein (E), recognized recently as a structural compo¬ 
nent of the coronavirus, has been found to be important 
for assembly of the viral envelope (Raamsman et al., 
2000). The membrane (M) glycoprotein is the most 
abundant structural protein; it spans the membrane 
bilayer three times, leaving a short N EE-terminal 
domain outside the virus and a long COOH terminus 
inside the virion (Rottier, 1995). The M protein induces 
antibody-dependent complement-mediated virus neutra¬ 
lization (Woods et al., 1987). Although its function is 
not completely clear, M seems to play a key role in virus 
assembly and budding. 

In this report, cloning and expression of the recombi¬ 
nant M protein (rMP) of CCoV in E. coli system and its 
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use in an ELISA to detect CCoV antibodies are 
described. 


2. Materials and methods 

2.1. Construction of the expression plasmid 

The coding region for the M protein was amplified by 
30 cycles of PCR using 10 ng of random-primed reverse- 
transcribed RNA isolated from a CCoV strain of a dog 
with enteritis (Buonavoglia et al., 1994). The sequences 
of the primers employed in the PCR reaction were 5'- 
TTCGGATCCAAGATTTTGTTAATACTAGC-3' 
(forward primer) and 5ACCAAGCTTTTAT AC- 
C AT GT GT AAT AATTTTT CT-3' (reverse primer), 
which carried a BamHI and an Hindlll restriction 
site, respectively. The amplified products, 0.8 kb in 
length, were gel purified and cloned into the pQE30 
expression vector (Qiagen), and the constructs trans¬ 
formed into E. coli TOP10F cells (Invitrogen). Trans¬ 
formants selected on 2 x TY plates containing 
ampicillin (100 pg/ml) were screened by direct colony 
PCR, and by restriction digestion of purified plasmids. 
The sequence of inserts was verified. The sequence data 
obtained were compared with the sequence of the M 
gene of CCoV strain Insavc (accession number D13096). 
The alignment performed by custal w software 
revealed more than 90% of nucleotide identity between 
the two sequences. 

The encoded protein had an additional N-terminal 
tail of arg-gly-ser-his-his-his-his-his encoded by the 
expression vector followed by a glycine and serine 
residue encoded by the BamHI restriction site sequence. 

2.2. Expression and purification of the recombinant 
protein 

The expression of M protein in the bacterial cytosol 
was accomplished in E. coli M15[pREP4] (Qiagen). A 
colony of cells of E. coli M15[pREP4] transformed 
recently was inoculated into 1 1 of 2 x TY in presence of 
ampicillin, at 100 pg/ml and kanamycin, at 25 pg/ml, 
and culture was grown at 30 °C until the optical density 
of the culture at 600 nm reached 1.2. Then isopropyl-P- 
D-thiogalactopyranoside (IPTG) was added to a final 
concentration of 1.5 mM to induce the expression of 
rMP, and the incubation was continued for further 8 h. 
Control cultures containing the empty pQE30 vector 
were processed in parallel. The rMP accumulated in the 
bacteria as inclusion bodies. The cells were harvested by 
centrifugation and used for the preparation of inclusion 
bodies (Fiermonte et al., 1993). Cells from a liter of 
culture were resuspended in 20 ml of a buffer containing 
Hepes-NaOH 10 mM and 50 mM NaCl, pH 7, 
disrupted in a French press and centrifuged at 4 °C at 


27 000 x g for 15 min. The pellet was resuspended in the 
same buffer and fractionated by centrifugation at 
131 000 x g for 4.5 h at 4 °C through a step gradient, 
10 ml of 40%, 15 ml of 53% and 4 ml of 72% (w/v) 
solutions of sucrose dissolved in the buffer. The inclu¬ 
sion bodies gathered as a grey band at the interface 
between the 53 and 72% layers. They were recovered and 
washed with 20 ml of buffer containing 3% of Triton- 
XI14 and centrifuged at 27 000 x g for 15 min at 4 °C. 
The pellet was resuspended in a further 2 ml of buffer 
without detergent. Inclusion bodies, membrane frac¬ 
tions and samples taken from cultures at various point 
of growth were examined by PAGE in the presence of 
SDS on 17.5% gels (Laemmli, 1970). The proteins either 
were stained with Coomassie Blue dye or were trans¬ 
ferred to polyvinylidene difluoride membrane (PVDF 
Immobilon P, pore size 0.45 pm) to determine the N- 
terminal sequence of the recombinant M protein. To 
eliminate few bacterial contaminants present in the 
inclusion bodies, the rMP was gel purified by electro¬ 
elution. 

2.3. Dog sera 

Fifty canine serum samples were used in this study. 
The serum samples had been already determined to be 
as either positive (n.34) or negative (n.16) to CCoV 
antibodies by routine ELISA and Western blotting 
(Pratelli et al., 2002). 

2.4. Western blotting 

The immunoblotting was carried out as described 
previously (Elia et al., 2002). Briefly, purified rMP was 
subjected to SDS-PAGE and transferred to PVDF 
membranes. The membranes were blocked overnight 
at 4 °C using a 5% solution of non-fat dry milk (NFDM) 
(Blotting Grade Blocker, Biorad), then incubated for 2 h 
at room temperature with a monoclonal antibody 
directed against CCoV M protein and with both a 
CCoV positive and a CCoV negative dog serum. After 
washing in Tris Buffered Saline (TBS; Tris 25 mM, 
NaCl 200 mM, pH 7.4) containing 0.05% Tween 20 
(TBS-TM), the membranes were incubated with perox¬ 
idase labeled goat anti-mouse IgG and with peroxidase 
labeled goat anti dog IgG. 3,3'-diaminobenzidine tetra- 
hydrochloride (DAB, Sigma) was used to visualize the 
reaction. 

2.5. ELISA 

ELISA was carried out as described previously except 
for the antigen preparation (Pratelli et al., 2002). Initial 
assays were carried out to determine the optimal rMP 
and serum working dilutions. Plates were coated with 
serial dilutions of rMP (5-200 ng/well) and tested with 
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2-fold dilutions (from 1:50 to 1:400) of a positive or 
negative dog sera. In subsequent assays, to determine 
sensitivity and specificity, plates were coated with the 
predetermined antigen concentration and serum dilu¬ 
tions. 

Briefly, ELISA plates were coated at 4 °C overnight 
with rMP (100 ng/well) suspended in Carbonate buffer 
(15 mM Na 2 C0 3 , 35 mM NaHC0 3 , [pH 9.6]). Then 
each well of the plate was incubated with blocking 
solution (0.2% gelatin in Carbonate buffer) for 90 min at 
37 °C. The wells were washed four times with phos¬ 
phate-buffered saline (PBS) containing 0.05% Tween 20 
(PBS-T). One hundred microliters of the primary anti¬ 
body (dog sera) diluted 1:50 in PBS-T was added in 
duplicate and the plates were incubated for 90 min at 
37 °C. After four washes with PBS-T, plates were then 
incubated with goat antidog IgG antibody labeled with 
peroxidase for 1 h at 37 °C. ABTS [2,2'-Azino-di-(3- 
ethylbenzothiazoline sulfonate)] substrate (100 pl/well) 
was added after four washes with PBS-T and the wells 
were incubated for 25 min at room temperature. Fifty 
microliters of stop buffer (SDS 1%) was added to each 
well and the optical density (OD) was read at 405 nm. 
The cutoff value was defined as the mean OD plus three 
standard deviations calculated from the 16 negative 
samples used as control. 


3. Results 

The coding sequence for the M protein of CCoV was 
cloned in the pQE30 expression vector and the recom¬ 
binant protein with a polyhistidine tag at the N- 
terminus was produced as inclusion bodies in the 
bacterial cytosol. 

After SDS-PAGE and Coomassie blue staining, a 
protein band corresponding to the expected molecular 
mass of 30 kDa was revealed in IPTG-induced culture 
(Fig. 1, lane 2) and in the inclusion bodies fraction (not 
shown), which was not present either in the culture 
before the induction (Fig. 1, lanes 1) or in the control 
culture before and after the induction (not shown). The 
recombinant-tagged protein was detected by Western 
blotting using anti His tag monoclonal antibody. It was 
purified by electroelution and the purity was confirmed 
by single banding in SDS-PAGE (Fig. 1, lane 3). The N- 
terminal sequence arg gly serhis his his his his- 
gly-ser-lys-ile-leu-leu-ile-leu-ala-cys-ala also con¬ 
firmed the authenticity of the rMP. 

In order to test the reactivity of rMP, Western 
blotting was carried out using a monoclonal antibody 
against the M protein of CCoV and both a CCoV 
positive and a CCoV negative dog serum. The protein 
band of 30 kDa showed a strong and specific reaction 
with the monoclonal antibody as well as with the CCoV 
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Fig. 1. SDS-PAGE analysis of the expression of the rM protein in E. 
coli. Lanes 1 and 2: crude material from the bacterial cultures 
containing the pQE30 expression vectors with the cDNA insert 
encoding the M protein, before (lane 1) and after (lane 2) the 
induction. Lane 3: purified electroeluted rM protein. M, markers 
(phosphorylase b, serum albumin, ovalbumin, carbonic anhydrase, 
trypsin inhibitor and lysozyme). 


positive serum whereas it was not recognized by the 
CCoV negative serum. 

To test the use of a rMP-based ELISA test, 34 
positive dog sera and 16 negative sera were used. The 
mean and the standard deviation obtained using 16 
CCoV negative sera were 0.017 and 0.00325, respec¬ 
tively. Therefore, the cutoff value of ODs was deter¬ 
mined as 0.027. Thirty-four canine sera which tested 
positive by whole CCoV ELISA and Western blotting 
were determined to be also positive by rMP ELISA. 
Since the results of rMP-ELISA correlated with the 
results of the reference tests (whole virus ELISA and 
Western blotting), the relative sensitivity and specificity 
resulted unchanged. 


4. Discussion 

For detection of CCoV antibodies, several tests have 
been employed. 

The neutralization test is tedious to carry out and, as 
reported previously (Pratelli et al., 2002), it may fail to 
detect antibodies in some dog sera positive to CCoV. 
ELISA with whole virus was found more sensitive than 
the neutralization test, but the antigen prepared from 
CCoV infected cells may yield variable results depending 
on the method of antigen preparation. 

In this study, the rMp of CCoV was evaluated for its 
antigenicity and reliability in an ELISA for CCoV 
antibodies detection. Previous studies had demonstrated 
that, after CCoV infection, antibodies to the M protein 
are detected constantly in seropositive dogs (Elia et al., 
2002). Based on these findings, we cloned and expressed 
the M protein of CCoV in E. coli. The rMP was similar 
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antigenically to the natural protein as evidenced by its 
specific reactivity with both monoclonal antibody and 
dog positive control serum in Western blotting analysis. 

An ELISA with rMP was developed and then 
evaluated as an alternative diagnostic method. When 
the performance of the new test was compared with 
those using whole virus ELISA and Western blotting, it 
was found that the rMP-based ELISA correlated very 
well with the other assays since both gave concordant 
results. 

These findings indicate that the rMP may be useful as 
an ELISA antigen for detecting specific antibodies to 
CCoV in canine sera and offers several advantages over 
the cell-prepared CCoV antigen. High levels of M 
protein expression may be obtained in the E. coli system 
making the rMP-based ELISA easy to prepare and 
standardize. Also, the availability of large amounts of 
CCoV rMP offers an opportunity to better investigate 
the biological properties of the M protein during CCoV 
infection as well as its immunological role. 
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